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1 . 0  I N T R O D U C T I O N  

T h i s  r e p o r t  p r e s e n t s  a n  a n a l y s i s  of  t h e  S - I 1  a n d  S-IVB m a l f u n c t i o n s  
f o r  t h e  AS-503 C '  m i s s i o n .  This a n a l y s i s  i s  i n t e n d e d  t o  s u p p l e -  
ment Refe rence  1 by g i v i n g  C '  EDS r e s u l t s  f o r  m a l f u n c t i o n  c a s e s  
where r e s u l t s  a r e  d i f f e r e n t .  D i f f e r e n c e s  between t h e  ' I D "  a n d  I I C ' "  

m i s s i o n  EDS r e s u l t s  w i l l  be ana lyzed  by c o n s i d e r i n g  v e h i c l e  d i f f e r -  
e n c e s .  

The s i g n i f i c a n t  upper  s t a g e  b a s e l i n e  v e h i c l e  change from AS-503 
I ' D 1 '  m i s s i o n  t o  AS-503 'IC'" mis s ion  i s  t h e  C' s p a c e c r a f t  i s  7300 
pounds l i g h t e r .  T h i s  has t h r e e  e f f e c t s  o n  t h e  v e h i c l e  c h a r a c t e r -  
i s t i c s :  

a )  T o t a l  mass i s  d e c r e a s e d .  Th i s  i n c r e a s e s  pe r fo rmance  a n d  
a c c e l e r a t i o n .  

b )  C e n t e r  o f  g r a v i t y  i s  s h i f t e d  a f t  a p p r o x i m a t e l y  0 . 2  m e t e r s  
a t  400  seconds  o f  f l i g h t  t ime.  

c )  The moment of  i n e r t i a  i s  d e c r e a s e d  by a p p r o x i m a t e l y  0.7% 
a t  400 seconds  of  f l i g h t  t ime.  

The e f f e c t s  o f  I'b" a n d  I1c" i n c r e a s e  t h e  l o s s  of  c o n t r o l  r e g i o n  
f o r  S - I1  dual  c o n t r o l  e n g i n e  o u t  by a b o u t  2 5  s econds .  O the r  
v e h i c l e  changes do n o t  c a u s e  s i g n i f i c a n t  d i f f e r e n c e  between 
I ' D "  a n d  ' I C ' "  m i s s i o n  upper  s t a g e  EDS r e s u l t s .  

Recommended EDS a b o r t  cues  and l i m i t  s e t t i n g s  a r e  summarized i n  
T a b l e  1-1.  

Upper s t a g e  m a l f u n c t i o n s  e v a l u a t e d  a r e  a s  f o l l o w s :  

A c t u a t o r  ha rdove r  - updated .  
A c t u a t o r . t o  n u l l  - n o  change. 
Loss o f  i n e r t i a l  a t t i t u d e  - no change .  
S a t u r a t e d  e r r o r  a n d  r a t e  s i g n a l s  - no change.  
Loss o f  i n e r t i a l  v e l o c i t y  - upda ted .  
S - I 1  s i n g l e  e n g i n e - o u t  - updated .  
S - I C  a n d  S - I1  s i n g l e  e n g i n e - o u t  - upda ted .  
S - I 1  dual  e n g i n e - o u t  - updated .  
E a r l y  s t a g i n g  - upda ted .  
L o s s  o f  r a t e  s i g n a l  - no change. 
P . U .  system m a l f u n c t i o n s  - upda ted .  

A n  S-IC EDS Summary i s  p r e s e n t e d  i n  S e c t i o n  3.0.  
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2 .0  AN A L Y  S I S 

2 . 1  A C T U A T O R  MALFUNCTIONS 

2 . 1 . 1  A c t u a t o r  Hardover  

R e f e r e n c e  1 a n a l y s i s  o f  dynamics i s  v a l i d  f o r  S - I 1  and S-IVB. 
A d d i t i o n a l  a n a l y s i s  shows t h a t  a b a s e  h e a t i n g  problem may e x i s t  
f o r  an S - I 1  a c t u a t o r  h a r d o v e r  i n b o a r d .  F i g u r e  1 shows t h e  
r e s u l t i n g  i n b o a r d  p i t c h  d e f l e c t i o n  of  Engine  #1 when Engine  # 2  
i s  h a r d o v e r  i n b o a r d  i n  t h e  p i t c h  p l a n e .  All  o t h e r  a c t u a t o r  
( b o t h  p i t c h  and yaw) d e f l e c t i o n s  were l e s s  t h a n  1 d e g r e e .  

I n b o a r d  d e f l e c t i o n s  o f  Engines 1 and 2 w i l l  e x p o s e  t h e  b a s e  a r e a  
of  t h e  S - I 1  t o  more r a d i a t i o n  from t h e  e n g i n e  plumes.  The 
e x t e n t  o f  i n c r e a s e  h e a t i n g  and t h e  e f f e c t  o f  t h i s  i n c r e a s e  i s  
n o t  known a t  t h i s  t i m e .  The crew must d e p e n d  on ground c o n t r o l  
f o r  c o n f i r m a t i o n  o f  t h i s  c o n d i t i o n .  E D S  recommendat ion i s  t h a t  
a b o r t  be i n i t i a t e d  o n  ground command. 

2 .1 .2  A c t u a t o r  t o  N u l l  

R e f e r e n c e  1 a n a l y s i s  i s  v a l i d  f o r  S - I 1  and S-IVB. 

2.2 L O S S  OF INERTIAL ATTITUDE 

R e f e r e n c e  1 a n a l y s i s  i s  v a l i d .  

2 . 3  S A T U R A T E D  E R R O R  A N D  R A T E  SIGNALS 

R e f e r e n c e  1 a n a l y s i s  i s  v a l i d .  

2.4 LOSS O F  INERTIAL V E L O C I T Y  

No a b o r t  s i t u a t i o n s  o c c u r  f o r  E P O  of  t h e  'IC'" m i s s i o n  f o r  l o s s  
o f  i n e r t i a l  v e l o c i t y .  Updated d a t a  i s  p r e s e n t e d  i n  R e f e r e n c e  2 
f o r  t h e  " C 1 "  miss ion .  Refe rence  3 shows t h a t  r e i g n i t i o n  a f t e r  
an X o r  Z a c c e l e r o m e t e r  f a i l u r e  d u r i n g  b o o s t  t o  p a r k i n g  o r b i t  
w i l l  r e s u l t  i n  a t m o s p h e r i c  r e e n t r y .  T h e r e f o r e ,  t h e  E D S  recommen- 
d a t i o n  i s  t h a t  r e i g n i t i o n  n o t  be a t t e m p t e d  a f t e r  an a c c e l e r o m e t e r  

' f a i l u r e  i n  b o o s t  t o  p a r k i n g  o r b i t .  
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2 . 5  S - I 1  S I N G L E  E N G I N E  M A L F U N C T I O N  

For a l l  c a s e s  of S - I 1  s i n g l e  eng ine  m a l f u n c t i o n ,  p a r k i n g  o r b i t  
was a c h i e v e d .  Adequate p r o p e l l a n t  remained a t  S - I V B  f i r s t  
c u t o f f  f o r  r e s t a r t  a n d  second b u r n ,  F i g u r e  2 shows S - I V B  
p r o p e l l a n t  remain ing  a t  S - I V B  f i r s t  c u t o f f  a f t e r  a n  S - I 1  s i n g l e  
e n g i n e  mal f u n c t i o n .  

No a b o r t  i s  r e q u i r e d  f o r  a s i n g l e  e n g i n e  f a i l u r e  i n  S - I 1  f l i g h t  
due t o  EDS l i m i t s ,  F D O  l i m i t s ,  o r  l o s s  of c o n t r o l .  

T w o  p e r i o d s  d u r i n g  S - I 1  f l i g h t  p r e s e n t  problems f o r  s i n g l e  
e n g i n e  f a i l u r e .  They a r e :  

1 )  A n  eng ine  f a i l u r e  2 t o  4 seconds p r i o r  t o  second p l a n e  
s e p a r a t i o n  

2 )  A n  eng ine  f a i l u r e  w i t h i n  5 seconds  of  MRS.  

F o r  t h e  f i r s t  c a s e ,  an e n g i n e  f a i l u r e  2 t o  4 s econds  p r i o r  t o  
second p l a n e  s e p a r a t i o n ,  c o l l i s i o n  between t h e  i n t e r s t a g e  a n d  a 
5 - 2  e n g i n e  b e l l  can o c c u r ,  A d e t a i l e d  r e p o r t  o f  t h i s  problem 
i s  p r e s e n t e d  i n  Refe rence  4 .  

For t h e  second c a s e  a n  ex tended  C H I  f r e e z e  w i l l  r e s u l t .  The 
ex tended  C H I  f r e e z e  i s  caused  by dec remen t ing  T2i by a n  a m o u n t  
g r e a t e r  t h a n  A t  ( c o m p u t a t i o n  c y c l e  t i m e )  d u r i n g  t h e  a r t i f i c i a l  
T A U  mode. The t o t a l  d u r a t i o n  of t h e  C H I  f r e e z e  w i t h  a n  e n g i n e  
f a i l u r e  a t  MRS i s  30 seconds .  The normal d u r a t i o n  i s  abou t  1 2  
s e c o n d s .  This  18  second e x t e n s i o n  of  t h e  CHI f r e e z e  p e r i o d  
does no t  cause  any gu idance  problem or l o s s  of  c o n t r o l .  I t  
d o e s ,  however,  c a u s e  a smal l  d e c r e a s e  i n  pay load .  

F i g u r e s  3 a n d  4 show t h e  e f f e c t s  o n  g u i d a n c e  f o r  a s i n g l e  e n g i n e  
f a i l u r e  a t  M R S ;  F i g u r e s  5 and 6 show e f f e c t s  on t h e  t r a j e c t o r y .  
F i g u r e s  7 a n d  8 show c o n t r o l  engine  a c t u a t o r  r e s p o n s e s  f o r  S - I 1  
s i n g l e  e n g i n e  f a i l u r e .  

2.5.1 S i n g l e  Engine F a i l u r e s  i n  S-IC a n d  S - I 1  

R e f e r e n c e  7 i n d i c a t e s  t h a t  excep t  f o r  Engine #1 a n d  # 4  f a i l u r e s  
i n  t h e  hi-q r e g i o n  a n d  c e r t a i n  wind c o n d i t i o n s ,  S - I C  s i n g l e -  
e n g i n e  f a i l u r e s  d o  n o t  r e s u l t  i n  l o s s  o f  c o n t r o l .  Each f a i l u r e  
c o n s i d e r e d  s e p a r a t e l y  w i l l  cause  payload  l o s s  a s  i n d i c a t e d  by 
F i g u r e  9 f o r  S - I C  and F i g u r e  2 f o r  S-11.  S i n c e  dual  e n g i n e  
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2.5.1 ( C o n t  i n u e d )  

f a i l u r e s  have been c o n s i d e r e d  i n  E D S  a n a l y s i s ,  t h e  p o s s i b i l i t y  
o f  a d u a l  e n g i n e  f a i l u r e ,  one  i n  S-IC and  one  i n  S - 1 1 ,  d o e s  
e x i s t  a n d  i s  t r e a t e d  h e r e  i n  t e r m s  o f  p a y l o a d  o n l y .  B e c a u s e  o f  
t h e  numerous  c o m b i n a t i o n s  o f  e n g i n e  number  a n d  f a i l u r e  t i m e s  
p o s s i b l e ,  a r i g i d  a n a l y s i s  o f  p e r f o r m a n c e  has  n o t  been  made. 
H o w e v e r ,  a f e w  r e p r e s e n t a t i v e  c a s e s  h a v e  b e e n  r u n  w h i c h  m i g h t  
y i e l d  some measure  o f  p e r f o r m a n c e .  F i g u r e  9 r e p r e s e n t s  i n s e r t i o n  
p a y l o a d  f o r  # 1  S - I C  e n g i n e  f a i l u r e s .  F i g u r e  2 r e p r e s e n t s  i n s e r -  
t i o n  p a y l o a d  f o r  # 2  S-I1 e n g i n e  f a i l u r e s .  The same p e r f o r m a n c e  
c a s e s  a r e  shown on t h e  c o m p o s i t e  F i g u r e  10 .  Thus  f o r  an  S - I C  
# 1  e n g i n e  o u t  a t  1 0 0  s e c o n d s  and an S-I1 # 2  e n g i n e  f a i l u r e  a t  
300  s e c o n d s  o f  f l i g h t  t i m e ,  p a y l o a d  a t  POI, as i n d i c a t e d  b y  t h e  
c o m p o s i t e ,  w o u l d  b e  58,000 k g .  o r  a l o s s  o f  a p p r o x i m a t e l y  
13 ,700  kg .  f r o m  n o m i n a l  p a y l o a d .  

B e c a u s e  o f  t r a j e c t o r y ,  e n v i r o n m e n t a l  a n d  g u i d a n c e  e f f e c t s ,  n o t  
a l l  e n g i n e s  w i l l  y i e l d  t h e  same p e r f o r m a n c e  s l o p e s  shown f o r  t h e  
r e p r e s e n t a t i v e  c a s e s  and  t h e  c o m p o s i t e  p a y l o a d  c h a r t  s h o u l d  b e  
u s e d  o n l y  as  a r e l a t i v e  i n d i c a t o r  o f  p e r f o r m a n c e  r a t h e r  t h a n  a 
r u l e .  
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2 .6  D U A L  E N G I N E - O U T  - S-I1 

The spacec ra f t  fo r  the  AS-503 C' mission i s  3 3 0 0  kilograms 
l i g h t e r  t h a n  the spacec ra f t  used in t h e  ana lys i s  presented in  
Reference 1 .  The decrease i n  mass r e s u l t s  from the  removal 
o f  t he  L u n a r  Module. T h e  absence o f  the  mass from the space- 
c r a f t  s h i f t s  t h e  vehic le  center  o f  g r a v i t y  ( C G )  t o  the  r e a r  
o f  t he  vehicle .  Since t h e  C G  of the vehic le  a t  l i f t o f f  i s  
0 .2  meters a f t  O f  t he  C G  f o r  the previous a n a l y s i s ,  the r e g i o n  of 
l o s s  o f  c o n t r o l  shown in Figure 1 1  i s  extended by 2 5  seconds 
f o r  upper a n d  lower dual engine f a i l u r e  cases a n d  5 seconds f o r  
s i d e  dual engine f a i l u r e s .  For  cen te r  a n d  one  c o n t r o l  engine 
o r  d i ame t r i ca l ly  opposing engines the  region o f  p rope l l an t  
deple t ion  i s  reduced because the vehicle  i s  l i g h t e r  a n d  t h u s  
has higher acce le ra t ions  due t o  t h r u s t .  The region of f a i l u r e  
t o  achieve a 7 5  naut ica l  mile o r b i t  i s  changed because the  
reduced moment  of i n e r t i a  l e t s  the vehic le  respond t o  the  
guidance commands more rapidly.  Reference 5 gives a d e t a i l e d  
dual engine o u t  a n a l y s i s .  

The region of l o s s  o f  control  f o r  sequent ia l  engine f a i l u r e s  
can be extended as  m u c h  as 60 seconds beyond the  region of 
control  l o s s  f o r  simultaneous dual engine f a i l u r e s .  Since t h e  
l o c a t i o n  of t h e  CG i s  a major  f a c t o r  in  the c o n t r o l l a b i l i t y  o f  
the  veh ic l e ,  i t  follows t h a t  the reduced f lowra tes  r e s u l t i n g  
from a n  engine f a i l u r e  impede the f o r w a r d  progression o f  t he  
C G  as  propel lan t  i s  expended. The re ta rded  C G  motion extends 
the period d u r i n g  which a second engine f a i l u r e  c o u l d  cause 
l o s s  o f  cont ro l .  T h u s  the  overal l  l o s s  of cont ro l  region i s  
extended. The extensions o f  the l o s s  o f  cont ro l  boundaries 
f o r  a dual S-I1 engine f a i l u r e  can  be ca l cu la t ed  from Figure 2 4  
using the time o f  the  f i r s t  engine f a i l u r e .  

2.6.1 Summary 

The c o n t r o l l a b i l i t y  of t he  vehicle  subsequent t o  an S-I1 dual 
engine f a i l u r e  i s  lessened d u e  t o  the  vehic le  C G  being s h i f t e d  
a f t  because of  t he  3300 kilogram reduct ion in  the  spacec ra f t  
mass. Also, r a t e s  build u p  more r ap id ly  because of smaller  
moment o f  i n e r t i a .  However, the smaller  moment o f  i n e r t i a  reduces 
t h e  region o f  guidance problems because t h e  vehic le  can  respond 
more rap id ly  t o  the  guidance commands. 

Immediate s t r u c t u r a l  f a i l u r e  f o r  dual ad jacent  control  engines- 
o u t  (worst case)  does n o t  r e s u l t  f o r  a n y  s t a t i o n  inves t iga t ed ,  
b u t  a more de t a i l ed  examination i s  ind ica ted  f o r  l oca l i zed  
s t r e s s  in  the engine v i c i n i t y .  
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2 .6 .2  I1  1 us t r a t i o n s  

Figure 1 1  shows t h e  i n t e r v a l  o f  t ime  f o r  which dual  e n g i n e  o u t  
combina t ions  l o s e  c o n t r o l  d u r i n g  S-11 o r  c a u s e  IGM t o  be u n a b l e  
t o  s t e e r  t he  S-IVB i n t o  pa rk ing  o r b i t .  Fiqures 1 2  and 1 3  show 
g u i d a n c e  and p a t h  a n g l e  p r o f i l e s  r e s p e c t i v e l y  f o r  a t y p i c a l  
l o s s  o f  c o n t r o l  ca se .  Figures 1 4 ,  1 5 ,  and 1 6  show g u i d a n c e  and 
t r a j e c t o r y  d a t a  f o r  a dual  e n g i n e  f a i l u r e  t h a t  does  n o t  l o s e  
c o n t r o l  or c r e a t e  gu idance  problems. F i g u r e s  17 and 1 8  show 
g u i d a n c e  and t r a j e c t o r y  d a t a  f o r  d u a l  e n g i n e  f a i l u r e  i n  S - I 1  
w h i c h  c a u s e  guidance  problems i n  S-IVB. Also shown i s  t h e  
r e s u l t  o f  e a r l y  s t a g i n g  a t  C H I  f r e e z e  + 5 seconds .  F i g u r e s  19 
t h r o u g h  2 2  show per formance  subsequen t  t o  v a r i o u s  c o m b i n a t i o n s  
of  S - I 1  d u a l  engine  f a i l u r e s .  F i g u r e  23 shows time t o  i n i t i a t e  
e a r l y  s t a g i n g  a t  CHI f r e e z e  + 5 seconds  f o r  S - I1  e n g i n e  o u t .  
F i g u r e  24 shows t h e  e x t e n s i o n  o f  t ime  l o s s  o f  c o n t r o l  r e s u l t s  
s u b s e q u e n t  t o  S-I1 s e q u e n t i a l  d u a l  e n g i n e  f a i l u r e s  a s  a f u n c -  
t i o n  o f  f a i l u r e  t i m e  of  t h e  f i r s t  e n g i n e .  F i g u r e  25 th rough  
28 show engine a c t u a t o r  d i s p l a c e m e n t s  s u b s e q u e n t  t o  S - I1  dua l  
e n g i n e  f a i l u r e s .  

2 . 6 . 3  Recommendations 

1 )  Abor t :  See Tab le  1-1. 

2 )  E a r l y  S t a g i n g :  E a r l y  s t a g i n g  i s  advan tageous  o n l y  i n  c a s e s  
where S - I1  d u a l  e n g i n e  f a i l u r e s  r e s u l t  i n  S-IVB g u i d a n c e  
problems. In  cases  where g u i d a n c e  problems o c c u r  i n  S-IVB 
a f t e r  a dual e n g i n e  f a i l u r e  i n  S-11,  an e a r l y  s t a g i n g  can 
be commanded a t  CHI f r e e z e  + 5 s e c o n d s ,  and a s u i t a b l e  
p a r k i n g  o r b i t  can be ach ieved .  O u t s i d e  t h i s  r e g i o n  a loss 
o f  payload ,  a s  shown i n  F igu re  1 9 ,  r e s u l t s  from e a r l y  
s t a g i n g  a t  CHI f r e e z e  + 5 seconds.  I f  p o s s i b l e  t h e  S - I 1  
s t a g e  s h o u l d  t h rus t  u n t i l  p r o p e l l a n t  d e p l e t i o n  oeCi.iits i n  
o r d e r  t o  g a i n  as  much v e l o c i t y  a s  p o s s i b l e .  

3 )  IGM U p d a t e :  Add d u a l  eng ine  o u t  l o g i c  so t h a t  t h e  g u i d a n c e  
scheme wi l l  be p r o p e r l y  updated .  See Refe rence  5. 

2.7 E A R L Y  STAGING 

N O  e a r l y  s t a g i n g  shou ld  be i n i t i a t e d  p r i o r  t o  350 seconds  f l i g h t  
time because  t h e  p r o p e l l a n t  on b o a r d  t h e  S-IVB i s  n o t  s u f f i c i e n t  
t o  b o o s t  t h e  S-IVB i n t o  p a r k i n g  o r b i t .  A l s q  e a r l y  s t a g i n g  a f t e r  
a m a l f u n c t i o n  w h i c h  c a u s e s  ra tes  g r e a t e r  t h a n  2 " / s e c  canno t  be 
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2 . 7  ( C o n t i n u e d )  

accompl ished  because  o f  t h e  l a r g e  a t t i t u d e  d e v i a t i o n s  which 
accumula t e  d u r i n g  t h e  long  p e r i o d  from s t a g i n g  t o  e n g i n e  i g n i t i o n .  
E a r l y  s t a g i n g  can be used t o  p r e v e n t  t h e  g u i d a n c e  problem i n  S- IVB 
s u b s e q u e n t  t o  a dua l  e n g i n e  f a i l u r e  i n  t h e  S-11.  The s t a g i n g  
s h o u l d  no t  be a t t e m p t e d  a t  t h e  t ime  of  m a l f u n c t i o n ,  b u t  r a t h e r  a t  
CHI f r e e z e  + 5 seconds  t o  e n s u r e  ve ry  smal l  body r a t e s .  Even 
though t h i s  a c t i o n  p r e v e n t s  f a i l u r e  t o  a c h i e v e  o r b i t  due t o  
g u i d a n c e  problems,  i t  reduces o r b i t a l  payload  i n  a l l  c a s e s .  The 
pay load  i n  t e rms  o f  remain ing  S- IVB b u r n  t ime  i s  shown i n  F i g u r e  
19  . F i g u r e  23 shows t ime of  CHI f r e e z e  s u b s e q u e n t  t o  a n  e n g i n e  
f a i l u r e  a n d  CHI f r e e z e  b i a s e d  by 5 s e c o n d s .  This  c h a r t  p r o v i d e s  
t h e  t i m e  o f  e a r l y  s t a g i n g  a s  a f u n c t i o n  of  m a l f u n c t i o n  t ime .  
A n a l y s i s  o f  problems encoun te red  by e a r l y  s t a g i n g  from o u t  of  
c o n t r o l  v e h i c l e  i s  p r e s e n t e d  i n  Refe rence  6 .  
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2.8 LOSS OF R A T E  SIGNAL 

Reference 1 ana lys i s  i s  va l id .  

2 . 9  P .U .  SYSTEM MALFUNCTIONS 

The l l C 1 l l  mission gives no s i g n i f i c a n t  c h a n g e  from the r e s u l t s  
presented in Reference 1 f o r  E P O  P .U .  system malfunctions.  
There i s  a s i g n i f i c a n t  d i f fe rence  in P.U.  system malfunctions 
f o r  2 n d  S-IVB b u r n  s ince  the I 1 C ' I 1  mission d o e s  n o t  use a n  
open loop guidance scheme. Detailed 2 n d  bur .n . resul ts  o f  t h i s  
malfunction a r e  given in  Reference 3 .  
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3.0 S - I C  SUMMARY 

F i g u r e 2 9  shows t h e  r e g i o n s  o f  p o s s i b l e  v e h i c l e  l o s s  f o r  a l l  
m a l f u n c t i o n s  s t u d i e d  i n  R e f e r e n c e  7 a n d  8 .  R e g i o n s  o f  p o s s i b l e  
c r e w  l o s s  f o r  f o u r  c r i t i c a l  m a l f u n c t i o n s  a r e  shown i n  F i g u r e  3 0 .  
The p r o b a b i l i t y  o f  v e h i c l e  l o s s  d u r i n g  S-IC f l i g h t  i s  2650 x 
The p r o b a b i l i t y  o f  c r e w  l o s s  d u r i n g  S-IC f l i g h t  i s  211 x 1 0 - 6 ,  
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